Background: The impact of anemia on graft loss rate and all-cause death rate remains controversial in renal transplant recipients. We performed a meta-analysis to explore the influence of anemia correction on the outcomes in renal transplant recipients.
INTRODUCTION
Anemia is a common complication of chronic kidney disease (CKD). And even after kidney transplantation, there is still a high prevalence (20% to 60%) of anemia [1] . It has been demonstrated that anemia is associated with cardiovascular death in patients with CKD [2] and poor long-term survival after kidney transplantation [3] . However, the impact of anemia on graft loss rate and all-cause death rate remains controversial in kidney transplantation [4, 5] . The findings from the ALERT study showed that post-transplantation anemia was not associated with an increased incidence of cardiovascular morbidity and mortality or all-cause mortality [5] .
A series of cause have been demonstrated to be related with anemia in patients with kidney transplantation including chronic prescription of immunosuppressive drugs, antihypertensive drug angiotensin-converting enzyme inhibitors and angiotensin-receptor blockers, impaired kidney allograft function and etc [6, 7] . In clinic practice, erythropoietin (EPO) treatment and intravenous or oral iron treatment are the main primary ways to cure anemia in renal transplant patients. Previous studies demonstrated that anemia correction with EPO treatment reduced the postoperative requirement for blood transfusions and had no deleterious effects on kidney graft function in renal transplant recipients [8] . However, other studies found that a high dose EPO treatment had no effects on long-term graft functions [9] .
Since the role of anemia and EPO treatment in renal transplant recipients are controversial, we perform a metaanalysis of randomized controlled trials (RCTs) to evaluate the impact of anemia correction and EPO treatment on the outcomes of renal transplant recipients. www.impactjournals.com/oncotarget
MATERIALS AND METHODS

Search strategy
We conducted a comprehensive search on studies on anemia and kidney transplantation published between January 1st 1981 to December 31st, 2016 in the PubMed and Embase databases. Search keywords were: "kidney transplantation", "renal transplantation", "kidney transplant", "anemia", "anaemia", and "anemic". We also searched for additional articles from the selected literatures to find other potentially related studies.
Study selection
Selection criteria for inclusion in the meta-analysis were as following: (1) type of study design should be RCTs; (2) only publications written in English were considered; (3) the age of the patients with kidney transplantation were older than 18 years; (4) met the anemia criteria: mean hemoglobin levels < 120 g/L according to WHO definition of anemia (< 120 g/L for women and < 130 g/L for men).
Data extraction
Two investigators independently extracted the data. Discrepancies were resolved by consensus. The following data were extracted: names of the authors, name of the journal, publication year, sample size, mean age, followup intervals, hemoglobin level, creatinine level, type of EPO use, number of graft loss, and number of all-cause death.
Assessment of study quality
Two investigators independently assessed the validity of the studies using the Jadad Score [10] . The Jadad score assesses randomisation, blinding, and attrition to derive a score ranging from 0 (low quality) to 5 (high quality).
Statistical analysis
A meta-analysis was performed using Stata version 12.0 (Stata Corp,College Station, TX, USA). Each RCT was composed of two or more treatment arms, and each type of treatment was taken as a separate observation [11] . We used fixed-or random-effects models in the absence or presence of heterogeneity among studies. The statistical heterogeneity across studies was assessed using I 2 statistic where an I 2 > 50% is considered to exist significant heterogeneity. As for continuous outcomes, results were presented as weighted mean difference (WMD) and 95% confidence interval (CI). Proportions were converted to a natural logarithmic scale. The delta method was used to calculate standard errors for proportions [12] . Then statistical pooling of odds ratios and proportions were calculated by Stata. The unpaired t-test was used to make comparisons between groups. If there was a high degree of heterogeneity, we subsequently conducted sensitivity analysis by removing studies one at a time to determine whether a particular study was responsible for the heterogeneity. Moreover, we also used meta-regression analysis to analyze the possible sources of heterogeneity. Publication bias was evaluated using funnel plots, Begg test and Egger test. Statistical significance was defined at P < 0.05.
RESULTS
Eligible studies
We identified 111 studies from the potentially relevant published literatures and retrieved 44 studies for further evaluation. At last, only 9 studies [13] [14] [15] [16] [17] [18] [19] [20] [21] met the inclusion criteria for final evaluation. The flow chart for the study selection was shown in Figure 1 .
Baseline characteristics
The baseline characteristics of the 9 studies were shown in Table 1 . A total of 1387 participants with a mean age ranged from 39.0 to 53.0 years were identified. In the identified studies, sample size range was 40 to 833. And mean follow-up interval was 2 to 24 months. The mean hemoglobin level range at baseline was 83.0 g/L to 111.0 g/L. Most studies (6 of 9) use erythropoietin (EPO) for anemia treatment. The mean creatinine level at baseline ranged from 1.2 mg/ml to 3.7 mg/ml.
Anemia correction decreased creatinine level in renal transplant recipients
We found that the mean hemoglobin level was increased in each study (Table 1) . So we firstly explored creatinine level in the whole renal transplant recipients with anemia improvement. The result showed that creatinine level was significant decreased accompanied with anemia improvement (WMD 0.65 mg/dl; 95% CI: 0.19, 1.11; P = 0.005) (Figure 2 ). Then we grouped the studies according to the hemoglobin level at the end of each study: anemia correction group (hemoglobin level > 120 g/L) and anemia persist group (hemoglobin level < 120 g/L). And we found that anemia correction group significantly decreased creatinine level (WMD 0.52 mg/dl; 95% CI: 0.12, 0.92; P = 0.011) (Figure 3 ). More interestingly, although anemia persist group decreased more creatinine level than anemia correction group, it was not significant (WMD 0.67 mg/dl; 95% CI: −0.03, 1.36; P = 0.061) (Figure 3 ). Moreover, mean hemoglobin level elevated in both groups because of most studies using www.impactjournals.com/oncotarget
EPO treatment decreased creatinine level in renal transplant recipients
To further explore the effect of EPO treatment on creatinine level in renal transplant recipients, we divided the studies into EPO treatment group and Control group. It was showed that EPO treatment group significantly decreased creatinine level in renal transplant recipients comparing with control group (WMD 1.15 mg/dl; 95% CI: 0.27,2.03 vs. WMD 0.05 mg/dl; 95% CI: −0.13, 0.23; P < 0.0001) (Figure 4 ).
Graft loss rate in renal transplant recipients
Since graft loss rate associates with the poor prognosis of patients with kidney transplantation, we evaluated graft loss rate in renal transplant recipients. We found the whole graft loss rate was 0.06 (95% CI: 0.04, 0.09) ( Figure 5 ). Then we explored the effect of anemia correction on graft loss rate, the results showed that anemia correction group had a significant lower graft loss rate than anemia persist group (0.07, 95% CI:0.05,0.08 vs. 0.08, 95% CI: 0.01,0.15; P < 0.0001) ( Figure 5 ).
All-cause death rate in renal transplant recipients
We also evaluated the all-cause death rate in renal transplant recipients. It was found that the all-cause death rate was 0.01 (95% CI: 0.00, 0.02) ( Figure 6 ). Moreover, compared with anemia persist group, anemia correction group had a significant lower all-cause death rate (0.01, 95% CI:0.00, 0.01 vs. 0.03, 95% CI: 0.01,0.05; P < 0.0001) (Figure 6 ).
Determinants of statistical heterogeneity and publication bias
Firstly, we used sensitivity analysis to explore statistical heterogeneity. We removed studies one at a time to assess which study was accounted for the high heterogeneity. However, we found no single study fully explained for the heterogeneity (Supplementary Figure 1) . Then we used meta-regression analysis to further explore the statistical heterogeneity. We only found hemoglobin and creatinine at baseline significantly contributed to the heterogeneity among studies (hemoglobin, P = 0.008; creatinine, P < 0.0001). When we explored for potential publication bias, the funnel plot did not appear asymmetrical (Figure 7) , and both Begg and Egger tests were not significant (Begg test, P = 0.458; Egger test, P = 0.812).
DISCUSSION
The main finding of this meta-analysis was that anemia correction improves the outcomes in renal transplant recipients. It not only decreased the creatinine level and graft loss rate, but significantly reduced the allcause death rate.
According to the WHO classification, anemia is that hemoglobin levels of < 120 g/L in women and < 130 g/L in men [22] . Most renal transplant recipients develop anemia during the early post-transplant period [23, 24] . And the presence of anemia has been associated with increased mortality, cardiovascular disease, and graft loss in renal transplant recipients [25] . In accordance with findings in previous studies, we found that renal transplant recipients with anemia correction had a significant lower graft loss rate than that with anemia persisting. Choukroun G et al. found that complete anemia correction was associated with a significant improvement in quality of life at 6 and 12 months after kidney transplantation. And targeting hemoglobin values ≥ 130 g/L reduced progression of chronic allograft nephropathy in renal transplant recipients [15] . In our study, we found that even targeting hemoglobin values ≥ 120 g/L reduced serum creatinine level, graft loss rate and all-cause death rate. More interestingly, it was found that in renal transplant recipients even if anemia was not completely corrected, increased hemoglobin level decreased creatinine level. This finding implies that anemia correction should be a standard treatment for anemic patients with kidney transplantation.
Although most studies including our study demonstrated that anemia was associated with cardiovascular events and all-cause mortality in renal transplant recipients [4, 26] , the ALERT study showed that hemoglobin levels were not associated with any effect on cardiovascular morbidity and mortality or allcause death [5] . The possibility may be attributed to lack of adjusting risk factors, selection bias, different followup intervals [2, 5] . Because a series of factors influence the outcomes in renal transplant recipients such as using immunosuppressive drugs, statins use, EPO treatment, and declined renal functions. In our study, we also not explored the influential factors such as anti-hypertensive drugs or NSAIDs due to the limitation data of the enrolled studies. Further studies are needed to explore this question.
EPO treatment is a common therapy for anemia correction in renal transplant recipients. It has been demonstrated that EPO treatment is benefit for graft function for patients with kidney transplantation [8, 14] . However, it was shown that anemia correction with EPO treatment in CKD did not reduce the risk of cardiovascular events or renal events and no incremental improvement in the quality of life was found either [27, 28] . The controversy was possibly because the study designs, different participants and the type of EPO treatment. In addition, during the process of EPO treatment, hemoglobin level should be monitored. It was reported that the risk of graft thrombosis increased during the process of anemia correction with EPO treatment. According to the WHO anemia classification, hemoglobin level at 120g/L can be a target for EPO treatment. However, more large-scale RCTs are needed. Furthermore, in our study, we did not provide a suggested dosage of EPO because of the inconsistent dosage of EPO used in each RCT (See Supplementary  Table 1 ). However, we found 4000-6000 IU, thrice per week, maybe suggested as a common dosage of EPO.
CONCLUSIONS
Our findings demonstrated that in renal transplant recipients, anemia correction improves the outcomes especially for graft loss and all-cause death. Furthermore, targeting hemoglobin level at least 120 g/L with EPO treatment can be suggested as a standard therapy. 
